The repair of peripheral nerve injuries with autologous nerve remains the gold standard (Wang et al., 2005; Yao et al., 2010; Deal et al., 2012; Kriebel et al., 2014; Liu et al., 2014; Tamaki et al., 2014; Yu et al., 2014; Zhu and Lou, 2014). With advances in tissue engineering and biomaterials, tissue-engineered nerve conduits with various biomaterials and structures, such as collagen and chitosan nerve conduits, have already been used in the clinic as alternatives to autologous nerve in the repair of peripheral nerve injury (Wang et al., 2012; Svíženská et al., 2013; Eppenberger et al., 2014; Gu et al., 2014; Koudehi et al., 2014; Moya-Díaz et al., 2014; Novajra et al., 2014; Okamoto et al., 2014; Shea et al., 2014; Singh et al., 2014; Tamaki et al., 2014; Yu et al., 2014). Therefore, new simple and effective methods are needed to better evaluate the outcomes of repair using nerve conduits *in vivo*. Ultrasound is a common noninvasive clinical detection modality that has been used in many fields. However, ultrasound has only rarely been used to observe implanted nerve conduits *in vivo*. Haug et al. (2013) tried to displace the collagen nerve conduit for repairing the digital nerve under ultrasound. Here, we report the first use of ultrasound to noninvasively observe the changes in chitosan nerve conduits implanted in rats over time.

Chitosan (Nantong Xincheng Biochemical Company, Nantong, Jiangsu Province, China) was purified twice by dissolution in 10 g of acetic acid, filtration, precipitation with 50 g of NaOH, and finally drying in a vacuum at room temperature. The degree of chitosan deacetylation was 92.3% as measured by titration. After 5 g of chitosan had completely dissolved in 100 mL of 0.15 mol/L hydrochloric acid, 10% gelatin and then 5 g of chitin powder were added while stirring, forming an opaque viscous liquid. The chitin/chitosan mixture was then injected into stainless-steel casting molds, which were then sealed and placed at −12°C for 2--4 hours. The frozen gels were removed and soaked in 4 mol/L NaOH for 4 hours to neutralize any remaining lactic acid and to complete solidification. The conduits were rinsed repeatedly with distilled water to remove any residual NaOH and sodium lactate and lyophilized under a 35--45 mTorr vacuum for 20 hours. The resulting porous conduits were 2 mm inner diameter, 3 mm outer diameter, and 80 mm long (Yang et al., 2011).

A total of 21 clean, female, 2-month-old Sprague-Dawley rats were provided by the Experimental Animal Center of Nantong University, China (license No. SCXK (Su) 2008-0010). The animals were housed in a temperature-controlled environment and allowed food and water *ad libitum*. All experimental protocols were approved by the Administration Committee of Experimental Animals, Jiangsu Province, China, in accordance with the guidelines of the Institutional Animal Care and Use Committee, Nantong University, China. The rats were deeply anesthetized with an intraperitoneal injection of a compound anesthetic (chloral hydrate: 4.25 g, magnesium sulfate: 2.12 g, sodium pentobarbital: 886 mg, ethanol: 14.25 mL, and propylene glycol: 33.8 mL in 100 mL) at a dose of 0.2--0.3 mL/100 g. The skin and muscle were incised to expose the sciatic nerve at the left mid-thigh. An 8-mm segment of the sciatic nerve (from about 10 mm distal to the proximal end to the ischial tuberosity) was resected to produce a 10-mm gap after slight retraction of the distal and proximal stumps. The nerve gap was bridged by a chitosan nerve conduit, and the proximal and distal nerve stumps were inserted into the two ends of the conduit (1 mm was inserted for each end). Then, the muscle layers were closed with sutures, and the skin was closed with wound clips. After surgery, the animals were placed in warmed cages (Yang et al., 2011).

At 1, 2, 3, 4, 8, 12, and 24 weeks after surgery (*n* = 3 in each group), the rats were again deeply anesthetized with the compound anesthetic. A B-mode ultrasound (HIVISION Avius, HITACHI, Chiba Kashiwa, Japan) equipped with a high-resolution linear transducer with a frequency range of 7.5 to 10 MHz and a gel pad serving as an interface between the transducer and fur was used to detect the nerve conduit implanted in the rat. After ultrasound imaging, the surgical site at the left mid-thigh was reopened to expose the nerve conduit. The length and outer diameter were measured with a ruler after photographing the nerve conduit. The ultrasound imaging clearly showed the longitudinal section, as well as the distal and proximal nerves and cross section of the nerve conduit surrounded by muscles (**[Figure 1](#F1){ref-type="fig"}**). The length and outer diameter of the nerve conduit measured by ultrasound were not different (*P* \> 0.05) than those measured by ruler after dissection at the different time points (**[Figure 2](#F2){ref-type="fig"}**).

![Ultrasound imaging of the morphology of a chitosan nerve conduit in a rat model of sciatic nerve defects after implantation\
Arrowheads indicate the nerve conduits. The longitudinal section and cross section of the nerve conduit, as well as the distal and proximal nerves surrounded by muscles, are clearly shown. There was no evident fracture or collapse of the nerve conduit. However, the two ends of the nerve conduit had shortened at 24 weeks.](NRR-9-1386-g001){#F1}

![Length (A) and outer diameter (B) of the nerve conduit measured by ultrasound and with a ruler after dissection.\
The data are shown as mean ± SEM. Differences between groups at the same times after surgery were analyzed using unpaired Student\'s *t*-tests. Differ-ences between different time points in the same group after surgery were analyzed using one-way analysis of variance.](NRR-9-1386-g002){#F2}

In addition, decreases in both the length and outer diameter were seen from 12 to 24 weeks. The decrease in length (*P* \< 0.05) from 12 to 24 weeks was more evident, and this difference reflected the degradation mode of the nerve conduit *in vivo* in rat. There was no evident fracture or collapse of the nerve conduit. However, the two ends of the nerve conduit had clearly shortened at 24 weeks, and a moderate collapse of the cross section was also observed at 24 weeks (**Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}**).

The strain ratio of the nerve conduit was also measured with ultrasound, which reflects the elasticity of the nerve conduit wall. The gradual increase in the strain ratio of the nerve conduit over time suggests that the nerve conduit degraded *in vivo* (**[Figure 3](#F3){ref-type="fig"}**).

![Ultrasound imaging of the elasticity of the chitosan nerve conduit in a rat model of sciatic nerve defects after implantation.\
The elasticity and hardness of nerve conduits are shown at 1 (A), 2 (B), 3 (C), 4 (D), 8 (E), 12 (F), and 24 weeks (G) after surgery. Red indicates softer re-gions and blue indicates harder. In the images, a few colors indicate different degrees of tissue deformation under pressure. Complete deformation is shown as uniform green. The majority of deformations were mostly green with small blue areas. Small deformation is shown as blue in the center surrounded by a small area of green. No deformation is shown as uniform blue. (H) Strain ratio of the nerve conduit over time. The data are shown as mean ± SEM.](NRR-9-1386-g003){#F3}

Based on these results, the morphological changes of the nerve conduit can be observed by ultrasound imaging *in vivo*. In addition, the strain ratio measured by ultrasound may be an objective reflection of the degradation of the nerve conduit *in vivo*. Moreover, any unsatisfactory complications after implantation, such as fracture, collapse, bleeding, or unusual swelling of the nerve conduits, may be easily identified.

However, some factors are related to the effect of ultrasound detection closely. A specialized training is necessary to identify the peripheral nerve and nerve conduit for the ultrasound detector. The image resolution is relative to the ultrasound frequency. Different frequencies maybe suitable for different conduits made of different biomaterials. Because the rat was small on volume, which has a limited absorption capacity of biomaterials, the degradation of chitosan *in vivo* seemed relatively slow. Also we attempted to detect the dog, a bigger animal, with ultrasound and the trend of degradation of conduit was earlier and more evident.

Ultrasound, as a noninvasive imaging modality, can be used as a supplementary observation method during conventional animal experiments on peripheral nerve tissue engineering.
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